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fraction of the total organic carbon (TOC) in water and wastewater
samples, i.e., the nonvolatile, relatively polar, and/or large
molecular weight fractions.

REVERSE OSMOSIS                                                                ;

I

Hindin <rt al. (1969) used reverse osmosis (RO) with a cellulose

acetate membrane for concentrating more than 30 organic compounds in            I

water. Rejection by the membrane was found to depend on particle                  j

size, ionization, and volatility in aqueous solution. Compounds with          ;

a high vapor pressure in water may permeate the membrane. Degree of            t

hydration was also important for amino acids. When mixtures of com-            i

pounds were tested, rejection increased for some species and de-                     {

creased for others.                                                                                                                     \

Attempts have been made to predict rejection of a particular                     '
solute by a given membrane from solubility parameters (Deinzer et                   <
al., 1975; Klein jet al., 1975). In some cases, prediction was poor              i
because of adsorption of the solute or obvious interaction with the              j
membrane. Klein et al., (1975) suggested using complementary mem-
branes (based on their solubility coordinates) , which would retain                 i'
different types of solutes. Because ionizable solutes and poly-                     ;
hydroxy compounds are rejected by cellulose triacetate membranes, and           !"
aromatic compounds are expected to be rejected with greater effi-
ciency by a nylon membrane, a combination of membranes should                            j,'
increase recovery for a mixture of organic constituents.                                       5

Kopfler et al. (1977) used such a two-step RO system with a                        r)

cellulose acetate membrane and a nylon membrane for concentrating                   |
organic compounds in drinking water samples. In addition, a Donnan

softening loop was used to reduce calcium and magnesium concentra-                 |

tions for ion exchange with sodium. The use of the softening unit                 -i

did not reduce the yield of organic compounds recovered, but it did               i

extend the life of the membrane by retarding scaling and membrane                    !

fouling. The concentrates obtained from the RO procedure were                          \

further concentrated by solvent extraction and adsorption on XAD-2                 |

resin.  Approximately 20% of each fraction was used for chemical                   j

analysis, and the remaining 80% was dried at room temperature for                    '

later toxicity studies. Recovery efficiency was high for the                            \

cellulose acetate membrane, but could not be calculated for the nylon           {

membrane because the TOC in the influent was too low. The average                 '

estimated recovery for the entire process was 35.89%. A control                      i,

experiment with distilled water indicated the presence of a number of           \

organic compounds, 28 of which were identified by gas chromatography             ,,

(GC) and mass spectrometry (MS). It was not determined if the                          |

contaminants came from the distilled water or from the membranes.                    \

Pang and Chian (1976) examined 12 RO membranes for concentrating             |j

13 polar, low molecular weight organic compounds in water, sepa-                      \

rately and mixed. The compounds contained a variety of functional                  :'

groups. The cross-linked polyethylenimine membranes provided better              [
separation (>75% TOC) of the low molecular weight, polar organic
compounds tested than did the other membranes, including the cellulose
acetate membranes. No quantitative relationship was found between
solute separation and solubility parameters. Sewage effluent con-